Introduction: Prevalence of vitamin deficiency is very high in India. The aim of the present study was to determine according to age groups, the status of vitamin D among individuals using samples received at clinical biochemistry laboratory.
Introduction
Vitamin D is important in growing children as well as adults for normal bone health. Optimal bone mineral health during childhood safeguards against osteoporosis and susceptibility to fractures in the later years. Evidence from animal studies has suggested that 1,25-(OH) 2 D may have a wider biological role, as it influences cellular proliferation and differentiation of several tissues and also plays a part in immunoregulation [1] . Vitamin D deficiency causes rickets in children and osteomalacia in adults. Vitamin D insufficiency in adults causes myopathy, osteopenia, secondary hyperparathyroidism and osteomalacia [2] . In the last one decade, there has been a surge in research related to vitamin D deficiency. The sunshine vitamin, the deficiency of which was once considered an epidemic and subsequently believed to be controlled, has made a comeback with ever increasing reports of deficiency which is now considered as a pandemic by some researchers. It is believed that about 1 billion people worldwide have vitamin D deficiency or insufficiency [3] . Seasonal variations in 25(OH) D concentrations have widely been reported even in subtropical locations with sunny weather year-round. This variation in 25(OH) D is likely to be determined by the latitude and climate [4] . In India, since majority of the population lives in areas receiving ample sunlight vitamin D deficiency was expected to be uncommon. However, recent studies suggest that vitamin D deficiency is very common in apparently healthy individuals at all age groups and both genders in northern as well as southern India [5] [6] [7] . Limited data from northern India on vitamin D status in pregnant women in all 3 trimesters reveal unexpectedly high prevalence (74-98%) of hypovitaminosis D [8] [9] [10] . Zargar et al. report that overall 76 (83%) of the subjects studied had vitamin D deficiency in Kashmir valley of Indian subcontinent [11] . Studies have also shown that the vitamin D status of urban population is lower than the rural population and this difference has been attributed to dress code, occupation, duration of exposure to sunlight [12] [13] [14] [15] [16] [17] . In all the above mentioned earlier studies, although data were obtained from different age groups by different researchers, to the best of our knowledge there were no single studies that considered all age groups to determine the prevalence of vitamin D deficiency. The present study was conducted with the objective of determining according to age groups in decades, the status of vitamin D among individuals using samples received at the clinical biochemistry laboratory, Kasturba Hospital, Manipal, India.
Materials and Methods

Subjects
This study was conducted in Kasturba Medical College Hospital, Manipal. Manipal is a coastal town in the southern part of Karnataka, India (74053'E longitude, 12055'N latitude). Serum samples (n=1151) received at Clinical Biochemistry laboratory from January 2012 to December 2012, for which vitamin D measurement was requested, were included in the study. The age of the subjects ranged from 0-90 years and is reflective of the age groups routinely tested in the laboratory. Informed consent was obtained from all patients and the study design conformed to the ethical standards set by the institutional ethics committee and 1975 Helsinki Declaration. Patient confidentiality was maintained by anonymization of the samples received. Only those samples that were from individuals with normal kidney and liver function, as reflected by their urine and serum creatinine as well as Liver Function Test (LFT) values, were used for the study.
Age and gender were the only two variables derived from the dataset and investigated as predictors of vitamin D status. The study population was thus grouped according to gender and age in decades, the minimum range being 0-10 years and the maximum being 80-90 years.
To facilitate interpretation of results, the study population was divided into three groups based on their serum 25 hydroxy D status:
1. NVD-Normal Vitamin D (>30 ng/ml).
2. VDI-Vitamin D Insufficiency (20-30 ng/ml).
VDD-Vitamin D Deficiency (<20 ng/ml).
This division was based on the cut-off points for vitamin D deficiency as defined by the Endocrine Society's practice guidelines [18] .
Methods
Blood samples (5 ml) were collected in plain vacutainers with draw volume 1-10 ml, allowed to clot and centrifuged at 3500 rpm for 10 min to separate serum. All serum samples were analyzed for vitamin D as soon as they were received in the lab, there were no stored samples. The compound measured for vitamin D activity in the serum was 25 hydroxy D. Serum 25 hydroxy D was determined by electrochemiluminescence based on ELISA. The COBAS 6000 vitamin D 3 electrochemiluminescence immunoassay (Roche Diagnostics, Penzberg, Germany) utilizes a competitive assay format based on the streptavidin-biotin technology. The assay employs a polyclonal sheep antibody against 25(OH) D 3 , which is ruthenium labeled. The vitamin D in the sample competes for binding with biotinylated 25 (OH) D 3 antigens which is bound to the strepavidin coated micro particles. Appropriate internal and external quality control was run to ensure accuracy of data.
Statistical analysis
Data were analyzed using MS Office Excel 2007 and results were expressed as percentage of the sub-population in question.
Results
Out of the total 1151 individuals included in the study, 384 were males and 767 were females. Only 13% of the total study population was normal (157 out of 1151-79 males, 78 females). Nearly 70% of the total study population was vitamin D deficient (798 out of 1151-226 males, 572 females) and 17% showed vitamin D insufficiency (196 out of 1151-79 males, 117 females). Among males, only 21% (79 out of 384) had normal vitamin D status whereas 58.9% (226 out of 384) had vitamin D deficiency and 20.6% (79 out of 384) had vitamin D insufficiency. Likewise, among females only 10% (78 out of 767) had normal vitamin D status, 74.6% (572 out of 767) were vitamin D deficient and 15.3% (117 out of 767) were vitamin D insufficient. Table 1 shows the distribution of individuals in the three groups of vitamin D status according to gender and age in decades. When compared among the different age groups, the age groups with a higher percentage of normal vitamin D status were 0-10 years (5 out of 19 i.e., 26 %) followed by 60-70, 70-80 and 80-90 years age group (21% in all 3 groups i.e., 43/210, 20/97, 5/24 respectively). The highest prevalence of vitamin D deficiency was seen in the 20-30 years age group (117 out of 142; 82.4%) followed by 30-40 years age group (117 out of 158; 74.1%). In almost all the age groups, there were more males than females with normal vitamin D levels and more females than males with vitamin D insufficiency or vitamin D deficiency ( Table 2 ). As seen in Figures  1 and 2 , males recorded higher prevalence of vitamin D deficiency in the 0-10 and 20-30 years age group (71.4% and 70.5% respectively) and females recorded higher prevalence of vitamin deficiency in the 20-30 years and 30-40 years age group (87.8% and 79.8% respectively). The maximum percentage of individuals in all age groups, among both genders as well as among the study population as a whole, belonged to the vitamin D deficiency category.
Discussion
Vitamin D deficiency is now regarded as pandemic by some researchers. Holick and Chen [19] report that both children and adults living in the United States, Europe, Middle East, India, Australia and Asia are affected by vitamin D deficiency. Studies also suggest that a high percentage of children, adolescents and adults are at risk of vitamin D deficiency [5] [6] [7] [20] [21] [22] . In the present study only 13% of the subjects had normal vitamin D status and the prevalence of vitamin D deficiency was very high in all age groups and both genders (69.3% overall; 58.9% in males, 74.6% in females). The results of the present study support the earlier findings. Although earlier studies in India report vitamin deficiency in both genders and all age groups, each of those studies dealt with one specific age group [5] [6] [7] . This study, however, deals with vitamin D status in all age groups from infancy to old age among both genders.
Rucker et al. [23] note that although frank vitamin D deficiency causes rickets and osteomalacia, identification of vitamin D insufficiency, which affects bone health, is likely of greater clinical importance. Although in the present study, the prevalence of vitamin D insufficiency was lower compared to that of vitamin D deficiency in the total study population, at all age groups and in both genders, this prevalence cannot be underestimated since the percentage of individuals in this category was higher than those with normal vitamin D levels in almost all subgroups. Vitamin D insufficiency is known to cause myopathy, osteopenia, secondary hyperparathyroidism and osteomalacia [2] . Patients with osteomalacia often complain of isolated or global bone discomfort along with aches and pains in their joints and muscles and these patients may be misdiagnosed with fibromyalgia [19] . In the background of these reports, the observed high prevalence of vitamin D insufficiency needs to be kept in mind considering the fact that currently there are increasing reports of aches and pains in joints and muscles in Indian hospitals.
The present authors observed a very high prevalence of vitamin D deficiency (71.5 %) among males of 0-10 year's age group. This can be attributed to the fact that the prevalence of vitamin D deficiency is reported to be high during all three trimesters in pregnant women in India [8] [9] [10] and this could manifest in infants at birth and beyond. Some of the previous authors maintain that vitamin D deficiency in maternal blood correlated with that in cord blood [8] . It has also been discussed by previous authors that vitamin D deficiency manifests with compromised length from birth itself without any potential for catch up growth in view of the fact that vitamin D deficiency continues to afflict even toddlers and school children in India [24] . The present findings of vitamin D status in males at 0-10 years age further supports these reports. However the small sample size is a limitation this study, hence further studies with larger cohorts may be conducted to arrive at assertive conclusions regarding vitamin D status in infants and childhood of both genders in the Indian scenario.
Ford et al. [25] have reported widespread vitamin D deficiency in a UK-inner city population, more so in women. The results of the present study support these reports in that females showed a higher prevalence of vitamin D deficiency than males, in the total study population as well as in all age groups. This is an important finding that needs attention particularly in the adults, bearing in mind the fact that low maternal vitamin D can result in low vitamin D in new born and have serious pediatric implications. Ford et al. attribute the higher prevalence of vitamin D deficiency in Asian women over Asian men to the type of clothing worn by the former. Asian women tend to wear clothes that cover most of the skin and studies have shown that fully covered dressing style contributes to vitamin D deficiency. In the present study, the higher prevalence of the vitamin deficiency could be due to the type of clothing or the increased use of sunscreens particularly by the female fraternity, because it has been reported that wearing a sunscreen with an SPF of 15 reduces vitamin D synthesis in the skin by 99% [19] . However, as has been discussed in the end of this section, the present authors also wish to draw one's attention to the role of changing dietary habits in determining the vitamin D status in the current population.
Noteworthy, in the present study, is that there was a higher prevalence of vitamin D deficiency in the middle aged adults than at old age, when the efficiency of vitamin D biosynthesis is believed to decrease due to decreased precursor availability, renal function, decreased renal hydroxylase activity [23] . According to Harinarayan and Joshi [7] , it is important to know the vitamin D status in the middle aged group of population (20-45 years) as the peak bone mass is achieved up to 30 years of age and the parity of women and their nutritional status (bone health) determines the pattern of post-menopausal bone loss and age related osteoporosis. Studies by previous authors report a high prevalence of vitamin D deficiency in these age groups [11, 26] , similar to the findings in the present study.
Most of the previous authors attribute the reason for the very high prevalence of vitamin D deficiency to increased use of sunscreens and a decrease in sun exposure due to changes in lifestyle. Marwaha et al. [27] have reported that mean serum 25(OH) D levels were significantly higher in sportswomen when compared to controls among healthy Indian women. However, it has been observed in the same study that inspite of 2 h of sun exposure and exposure of 30% body surface area, only 52% of the sportswomen could achieve serum 25(OH) D levels beyond 20 ng/ml. Likewise, in a study by the same authors involving military personnel, 85% of the healthy adult Indian men could not achieve serum 25(OH) D levels beyond 20 ng/ml despite adequate outdoor activities and sun exposure [28] . Hence, the present authors wish to suggest here that changing dietary habits could play an important role in determining the vitamin D status in humans. It is true that a maximum of only ten percent of vitamin D is obtained from the diet in humans and the rest of it comes from solar UV-induced biosynthesis in the skin [29] . However, one tends to overlook the fact that the precursor for biosynthesis, 7 dehydrocholesterol (7-DHC), is synthesized from cholesterol, which in turn is obtained from the diet. Bogh [30] has reported a positive correlation between Δ 25(OH) D 3 and the total cholesterol concentration (measured at baseline) following UVB exposure in a subgroup of 28 non-sun worshippers with limited past sun exposure. This calls for further research that looks into not just sun exposure as a causative factor but also changing dietary habits as additional causative factors responsible for the increasing vitamin D deficiency in the community. An in-depth research into those components of the diet that have a direct bearing on serum total cholesterol namely the type of cooking oil used, could provide vital clues to the role of changing dietary habits in determining vitamin D status in the present population. Bogh also mentions in the same paper that vitamin D synthesis begins in the bowel epithelium with an oxidation of cholesterol to 7 dehydro-cholesterol. Studies on alterations of the gut flora, if any, due to changing dietary habits and its effect on the availability of 7 dehydrocholesterol for vitamin D synthesis could throw more light on the cause of the increasing prevalence of vitamin D deficiency.
Conclusion
In conclusion, the prevalence of vitamin D insufficiency as well as deficiency in the present study was high at all age groups and both genders. The highest prevalence was in infancy and childhood (0-10 years) in males and in the middle aged group in general (20-30 years and 30-40 years). Further research needs to be conducted to correlate the changing dietary habits to the changes in gut flora and alterations in availability of 7-dehydrocholesterol for cutaneous biosynthesis of vitamin D.
